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TAIL AND STAIL-CONTROL DEVICES AT A 

REXNOIDS NUMBER OF 4.0 x IO6 

By Gerald V. Foster 

A n  investigation  has  been  conducted  to  determine  the  effects of a 
horizontal  tail on the  longitudinal  stability  characteristics of a swept- 

arrangements  of  high-lift and stall-control  devices.  The  tests  were  made 
at a Reynolds  nmiber  of 4.0 x lo6. 

. back,  twisted and cambered wing in combination  with a fuselage  and  various 

- 
The results  indicate  that  for  the  tail  positions  investigated  the 

optimum  effect  of  the  horizontal  tail on the  longitudinal  stability of 
the  wing-fuselage  combination  was  obtained  with  the  tail  located  at 
6 percent  wing  semispan  below  the  wing-root-chord pime. With  the  tail 
at  this  location  the minFmum change  of  static  margin (0.12 mean  aero- 
dynamic  chord)  through a lift  range  up  to  approximately maximum lift 
coefficient (1.51) was  obtained  with  chord  fences  located  at 57.5 per- 
cent  and 80.0 percent  wing  semispan.  Some  further  improvement of the 
stability  characteristics  in  the  range of lift  coefficients  greater 
than 1.0 was  realized  with  three  or  four  fences  installed on each wing 
semispan. The leading-edge  flaps  extending  outboard  from 2 . 5  percent 
wing  semispan  to  approximately  the  wing  tip  provided  slightly  less 
improvement  in  the  longitudinal  stability  characteristics  than  chord 
fences. 

The  longitudinal  stability  of  the  wing-fuselage  combination  eqgipped 
with a horizontal  tail  located  at  the  opt-  position  and  either  chord 
fences  or  leading-edge  flaps was adversely  affected  by  extended  split 
flaps  deflected 23O. 
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An extensive  investigation  has  been  conducted  in  the  Langley z 

19-foot  pressure  tunnel of the  low-speed  aerodynamic  Characteristics of 
a 450 sweptback wing of  aspect  ratio 8 with  and  without  twist and camber. 
One wing was  twisted  and  cambered in order  to  provide an elliptical  span- 
wise  loading and a uniform  chordwise  loading  at a lift  coefficient of 0.7 
and a Mach  number  of 0.9. The combined  effects of twist and cmiber on 
the  spanwise  loading  and  longitudinal  aerodynamic  characteristics of the 
wing  are  indicated by the  results  presented in references 1 to 4. Refer- 
ences 5 and 6 show the  effect of horizontal-tail  height on the  longitu- 
dinal stability  characteristics  of-the  wing-fuselage  configuration  and 
indicate  the  advm-tage  tu  be  achieved by the  use of the  twist and camber 
and a properly located  horizontal  t&il. 

The  present  paper  contains  results  which extend the  information 
presented  in  reference 6 concerning  the  effects of fences on the longi- 
tudinal  stability of the xing-fuselage-tail  conibination and includes 
results  obtained  with  45-percent-semispan  leading-edge flaps and 
9-percent-smispan extended  split flaps. Results  of  air-flow surveys 
made  in  the  region of the  horizontal  tail  are a l e 0  presented.  These 
data were  obtained  at a Re~nOld8 nmiber of 4.0 x lo6 and a Mach  nuniber . " 

lift  coefficient, - Lift 
ss 

maximum  lift  coefficient 

pitching-moment  coefficient about a point O.Og%E above 
0.2% point of wing, Pitching  moment 

qSE 

wing  area, sq ft 

tail  area, sq ft . . . . . . . . . . 

mean  aerodyn8mic  chord, ;db'2 c2ay, ft 
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wing chord,  ft 

tail  chord, ft 

win@; span, ft 

tail  span,  ft 

lateral  distance  from  plane of symmetry 

free-stream m c  pressure, &v’ 
mass density of air 

free-stream  velocity 

measured local downwash angle,  deg 

effective  downwash  angle,  deg  (see  eq. (2)) 

ratio of local  dynamic  pressure  at  tail to free-stream 
dynamic  pressure 

local  sidewash  angle  (inflow  negative),  deg 

angle of attack of wing-root  chord,  deg 

rate of change of pitching-moment  coefficient  with  lift 
coefficient 

tail-effectiveness  parameter  (see  eq. (3) ) 

pitching-moment  coefficient  due  to  tail 

rate of change of pitching  moment  with  tail  incidence  angle 

rate of change  of  pitching-moment  coefficient  due  to  tail 
with angle  of  attack 

lift-curve  slope of isolated  tail 

angle of attack of tail,  deg  (see  eq. (I)) 

.I 
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2 ta i l  length,  distance from 0.23 point of‘ wing t o  0.2% point 
of t a i l  

it incidence  angle of horizontal ta i l  measured Kith  respect to 
wing-root chord, positive when t ra i l ing edge is down,  deg 

a 

i w  angle of incidence of wing with  respect  to  fuselage  center 
line, deg 

z vertical  distance from wfng-root-chord l ine  extended, 
positive above 

Ef flap  deflection, deg 

MODEL AND APPARATUS 

Figure 1 shows the e e l  mounted  on the  support  struts  in  the  test 
section of the  tunnel. A d r a ~ n g  of the  mdel and gome of the geometric 
characteristics are presented in  figure 2.  The  wing  had 45O sweepback 
along the  quarter-chord  line, an aspect  ratio of 8, a taper  ratio of 0.45, 
and  amounts of twist and caniber determined by  method of reference 7 t o  - 
provide an e l l ip t ica l  spanwise loading and a uniform chordwise loading 
a t  a l i f t  coefficient of 0.7 and a Mach  number of 0.9. NACA 63-series 
airfoil   sections having a  12-percent-chord  thickness ra t io  were dis- 
tributed about a slightly modified a = 1.0 mean line (ref. 3 )  having 
the  desired  design l i f t  coefficient.  Figure 3 shows the spanwise varia- 
tion of twlst and the  distribution of the  section  design l i f t  Coefficient. 

.. 

The fuselage was circular  in  cross  section and  had a fineness  ratio 
of 10. F’rovisions  were made in  the  fuselage so that  the wing could be 
attached a t  either 00 or bo incidence with respect  to  the  fuselage  center 
l ine.  

The horizontal  tail-had 450 sweepback along the  quarter-chord  line, 
an aspect  ratio of 4, a  taper  ratio of 0.45, and NACA 631~012 a i r fo i l  
sections  parallel t o  the  plane of syrmnetry.  The t a i l  was mounted on a 
s t ee l   s t ru t  which was attached t o  the Fuselage. The vertical-height of 
the  tail,  defined  as  the  perpendicular  distance measured from the wing- 
root-chord l ine  extended to  the O.25c‘ of the   ta i l ,  could be set a t  
various  heights ranging *om O.3Ob/2 above to 0.15b/2  below the wing- 
root chord extended (fig.   2(b)).  

Details of  fences,  ,leading-edge  flaps, and extended spli t   f laps,  
are shown in  f igures  2(c),  (a), and (e).  The fences were made of 
1/16-inch sheet  steel and were attached  perpendicular t o  the upper 
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surface of the wing.  The fences which extended chordwise from 0 . 0 3  or 
less   to  the t ra i l ing edge are  referred to as "chord fences. I' The fences . 
which extended around the  leading edge to 0 .23  on the lower surface  are 
referred  to as "complete fences.'' The fence  height was varied from 0.10~ 
t o  0.018~ although throughout the major part of the  investigation  the 
fences extended 0.072~ above the wing surface. The fences were located 
on both semispans of the wing at  positions  indicated  in figure 2(c).  

i 

1 

The leeding-edge flaps extended  outboard along the wing leading 
edge from 0.525b/2 t o  0.975b/2 (fig.  2(d)).  

The extended spli t  flaps had a chord equal t o  20 percent of the 
local wing chord i n  the de f l ec t ed   pos i t i on  and could  be  deflected 
23O and Fo from the lower surface of the wing parallel  to  the  plane 
of symmetry.  The flaps extended  outboard from the wing-fuselage  juncture 
t o   o . p / 2 .  

The survey  apparatus and the   6 - tde  rake described in  reference 8 
were used t o  measure local values of dynamic pressure, downwash angle, 
and sidewash angle. 

TESTS 

The tes t s  were conducted i n  the Langley 19-foot  pressure tunnel 
w i t h  the   a i r  compressed t o  approximately 33 pounds per s q w e  inch, 
absolute. The tes t s  were made a t  a Reynolds n M e r  of 4.0 x 10 6 and a 
Mach n M e r  of approximately 0.19. 

Measurement8  of l i f t  and pitching moment of the wing-fuselage combi- 
nation with and without the horizontal   ta i l  w e r e  made through an @e- 
of-attack range from -4O t o  31'. The various  configurations  tested  are 
summarized in  table I. 

Measurements of downwash angle,  sidmmsh angle, and aynamic pressure 
behind the wing-fueelage configuration ( = 40) were made i n  plane nor- 
mal t o  the longitudinal axis of the tunnel and  2.93E behind the quarter 
chord of the mean aerodynamic chord of the wing.  The survey  plane  repre- 
sents a compromise between the extreme @orward and rearward movement  of 
the  quarter-chord  point of the mean aerodynamic chord of the   t a i l .  The 
maximum deviation of the 0.25E.t from the  plane of survey  occurred a t  large 
angles of attack and amounted t o  6 percent of the t a i l  length forward of 
the t a i l  located a t  z = -0.06b/2 and 6 percent t a i l  length rearward . for  the t a i l  located a t  z = O.3Ob/2. 
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Reduction of Data 

The  force  and  moment  data  have  been  reduced  to  nondimensional  coef- 
ficients and corrected  for  airstream  misalinement,  jet-bounhry  effects, 
and  slrpport  tare  and  interference  effects.  The  jet-boundary  corrections 
were  determined  by  the  method of reference 9 and axe  as  follows: 

For  configuration  with tail off, 

For  configuration  with  tail  on, 

A l l  corrections  were added. 
The air-flow  survey  data  have  been  corrected  for  jet-boundary  effects 

by an angle  change to the downwash and  downward  displacement of the  flow 
field.  These data are  presented  in  the form of  contour  charts. L 

Fffective  downwash  angle.-  Values  of  effective  downwash  angle  were 
determined f r o m  the  pitching-moment  data  obtained  with  and  without  the 
tail.  The  method  by  which  effective  downwash  angle was computed  is 
shown  by  the following equations: 

where ht represents the difference  between  the  pitching-moment  coef- 
ficient  obtained  with  the  tail  on  and  thatobtained  with  the  tail  off. 
This  procedure  of  determining  effective  downwash is based on the  premise 
that the lift  of..the  tail  varies  linearly  with  angle  of  attack  of  the 
tail;  however, as indicated bfi results  of  isolated-tail  tests  (fig. 4 ) 

I 

. .. - 
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. this  would  be  true  only  for a small range  of  it.  Since  the tail inci- 
dence  angles  were  selected  to  provide a trim  condition  at  moderate  and 
high  angles  of  attack,  the  tail  operated  beyond  the  linear  part  of  the 
lift  curve  at low angles  of  attack of the  complete  model.  Hence  the 
values  of  effective  downwash  angle up to approximately 8O angle of 
attack  should  be  samewhat  lower  than  the  values  given. 

L 

Tail-effectiveness  parameter.-  The  stabilizing  contribution  of  the 
horizontal  tail can be  conveniently  expressed  by a tail-effectiveness 

f ol la rs  : parameter 7 defined  as 

7 =  

The  values 
expression: 

of T presented  herein  were  obtained  by  use  of  the following 

?4(  s ) 

where - - = 0.48 and = 0.055. The  tail-efficiency  parameter 7 St 2 
S E  

represents  the  effective  change  in  the  lift-curve slope of  the tail due 
to  the  effect  of  fuselage  interference.  Negative  values of T signify 
that  the  tail  is  contributing  stability. 

The values of T presented  herein  were  determined  fram data which 
in same  cases  were  considerably  aut  of  trim.  It  may  be  seen f r m  equa- 

tion (3) that when - is  zero,  the  magnitude of does  not  affect 

the  values  of 7 and  therefore  the  values  of T are  applicable to any 
aa! 

. -  ’ degree  of t r b  or  to any center-of-gravity  location.  When  the  term 3 acr: 
is  of  finite  value,  the  changes in e required  to  provide  trFm  were of 

- q 
such a magnitude  that  the  product  of  the  change in c2-t and - pro- acl 
duced  only  minor  effects on the  trends  indicated  by  the  curves of T. 

I 
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Of (% 
It  should  be  pointed  out  that  the values of T based  on a constant 

underestimate  the  effectiveness  of  the  tail  at low 

angles of attack  of  the  model  due  to  nonlinearity  of  the  tail  lift  curve. 

RESULTS AND DISCUSSION 

Presentation of Data 

The  effects of the  horizontal  tail on the  lift  and pitching-moment 
characteristics  of  the  wing-fuselage  configuration  with  and  without 
various  arrangements  of  high-lift and stall-control  devices  are  indi- 
cated by the data presented in figure 5 and  table I. The effects  of  the 
horizontal  tail  located  at  various  vertical  positions  on t h e  static  longi- 
tudiW stability  are  indicated  in  figure 6 by  the  variations dh/dCL 
with  lift  coefficient.  Variations of tail-effectiveness  parameter T 

with  angle  of  attack  are  presented  in  figure 7. Iaasmuch as T is 
mainly  influenced  by dce/W, variations  of  effective  downwash  angle . . -  

with  angle  of  attack  are  also  presented  in f i p e  7. The results  of 
air-flow  surveys  are  presented in figures 8 and 9 as contour  charts of 
damwash angle,  sidewash  angle,  and  dynamic-pressure  ratio. The lack 
of  data  at  one  spanwise  station  for an angle of attack  of 23O necessitated 
interpolating fram a cross  plot of the data obtained  at a given  vertical 
position  relative to the  wing-root-chord  plane  against  spanwise  position. 
Shading has  been  used  to  designate  the  contours  influenced  by  interpolated 
values. 

t 

Longitudinal  Stability 

In  general,  the  longitudinal  stability  of  the  plain-wing--fuselage 
configuration  in  combination  with a horizontal  tail was unsatisfactory. 
The variations of &/dCL (figs. 6(a) and (b) ) indicate  that,  although 
the  tail  at all vertical  positions  investigated  improved  the  stability, 
d(&/dCL became..positive  above a lift  coefficient  of 0.7 as  in  the  case 
of  the  tail-off  configuration.  Reference 4 indicates  that  the  instability 
at  moderate  and  high  lift  coefficients,  due  primarily to a loss in  lift 
effectiveness of the  outboard  sections of the wing,  can  be  substantially 
improved  through  the  use  of  fences  to  control  the  boundary-layer  cross 
flow. A catparison of the  results  presented  in  figures 6(c) and  (d)  with 
those  in  figure  6(a)  indicates  that  fences  markedly  improved  the  stability 
of the  tail-on  and  tail-off  configurations  through  the  moderate  and high 
lift-coefficient  range. It may also be  noted  that  because of the  Fmprove- 
ment provided  by  the  fences  the  differences in effectiveness  of  the  hori- 
zontal  tail  at  various  vertical  locations  became  more  significant. The 

c - 
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. variations of d&/dCL for  the configuration equipped w i t h  chord fences 
located a t  0.575b/2 and 0.80b/2 and the  horizontal t a i l  located at 
z = -0.06b/2 indicate that the change in   the   s ta t ic  margin through a 
l i f t  range up t o  almost C h  (1.51) was relatively small and amounted 

t o  approxhmtely 0.12 mean aerodynamic chord; whereas, with the hori- 
zontal t a i l  located a t  z = 0 .lkb/2, the change in s t a t i c  -gin was 
approximately 0.22 mean aerodynamic chord. 

L 

Reference 4 indicates that more than two fences  provided a greater 
improvement i n  the  stabil i ty  characterist ics of the wing alone  prior 
t o  C h  than  with two fences. The variation of &/dCL with CL 
(f ig.  6(d))  indicates that with four  fences installed on the  airplane 
configuration  the  stability was markedly increased  through a range of 
l i f t  coefficients from approxhately 1.0 up t o  almost C k  with the 
t a i l  located a t  either z = 0.14b/2 or -0.06b/2. A similar change i n  
the  s tabi l i ty  was also noted  with  three complete fences  located at 0.45b/2, 
O.7Ob/2, and 0.89b/2 (table I). Considering the  effects of various fence 
configurations on the longitudinal  stability  characteristics,  the minimum 
change i n  the s t a t i c  margin through the lift range was obtained w i t h  
fences  located a t  0.575b/2 and 0.80b/2. 

- 
A camparison of the curves of d&/dCL presented in  f igures  6(c),  

(a), and (g) indicates that the Fmprovement in  the  stabil i ty  character-  
i s t i c s  of the tail-on  configuration was slightly  greater  with  either 
multifence arrangement than with 0.45b/2 leading-edge flaps. The differ-  
ence i n   s t a b i l i t y  of the  tail-on  configuration equipped with  fences  or 
leading-edge flaps i s  associated  prhar i ly  with the  difference i n  effec- 
tiveness of these  devices on the  stabil i ty  characterist ics of tail-off 
configuration. 

- 

The addition of 0.5Ob/2 extended sp l i t   f l aps  (6f = 23O) had an 
adverse effect  on the  stability  characteristics  obtained w i t h  the  hori- 
zontal t a i l  a t  all vertical  positions  investigated. With the ta i l  located 
a t  z = -O.O6b/2 and the wing equipped w i t h  ei ther chord fences  located 
a t  0.579/2 and 0.80b/2 or  with 0.45b/2 leading-edge flaps,  the  addition 
of 0.5Ob/2 extended spl i t   f laps  produced an additional  increase of approxi- 
mately 0.13 mean aerodynamic chord in   t he  change  of s t a t i c  margin through 
the l i f t  range up t o  approximately C b  (see  figs. 6( c) , (e),  (g) , 
and (i)). 

It is interesting t o  note that, wfth  the  horizontal tail located a t  
z = 0.14b/2, the addition of the extended sp l i t   f l aps  (& = 23O) produced 
a change of the  s ta t ic  margin through a l i f t  range up t o  approximately 
C k  which was appreciably  larger w i t h  the wing equipped w i t h  leading- 
edge flaps than with chord fences  (figs.  6(e) and ( i )  ). The large change 
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of s t a t i c  margin  of the  wlng-fuselage  canbination  equipped w i t h  0,45b/2 
leadingedge flaps and 0.5Ob/2 extended spl i t - f laps  (sf = 23' ) w a s  
markedly  reduced when the  angle of deflection of the spli t  flaps was 
increased. from 23'. . to  52' or by the addition  of chord fences  located 
a t  0.575b/2 and 0.80b/2 (figs . 6(  i ) , ( j ) , and (h) ) . The hprovement i n  
the   s tab i l i ty   charac te r i s t ics  w i t h  chord  fences  resulted  essentially from 
an Fmprovement i n  the s tab i l i ty   charac te r i s t ics  of the  tail-off  configu- 
ra t ion just p r i o r   t o  C h ;  whereas, increasing  the  angle of deflection 
of the split f laps   in   canbinat ion w i t h  leading-edge f laps  tended t o  
increase  the  effectiveness of the  horizontal tail located a t  z = -0.@b/2 
and 0.14b/2. The change of s t a t i c  margin through  the  lift-coefficient 
range from approximately  0.2 up te approxbmtely C h  of the  configu- 

ra t ion  w i t h  the  horizontal tail located at z = -O.O6b/2, 0.4%/2 leading- 
edge f laps ,  and  extended sp l i t   f l aps   def lec ted  52'  was approximately 0.14 
mean aerodynamic chord. 

Horizontal-Tail  Effectiveness 

The effectiveness of the tail varied with i ts  ver t ical   posi t ion  in  
a manner shi lar  t o  that indicated by previous  investigations of a swept- 
wing airplane configuration w i t h .  t a i l  lengths ranging from 1.7 to   3 .0  
( for  example, see refs. 5 and 10).  he values of T f o r  the flap-neutral  
configuration,  fences  off I ( f ig .  7(b) ) indicate that at  moderate and high 
angles of attack the t.ail located 0.1kb/2 above the wing-root-chord l i ne  
extended w a s  more efTec%ive. thaii  the ta i l  located 0.30b/2-above the w i n g -  
root-chord  line  extended. This difference i n  tail effectiveness  results 
primarily frcm a more favorable  variation.of  dmwash  angle with angle.  
of attack below the wake center  than above the wake center. It may be 
noted from the contours of dynamic-pressure r a t i o  that the tail located 
a t  z = 0.14b/2 has moved d m  to  approxhately  the  center of the wake 
a t  an angle of attack of 1g0 ( f ig .  8(  c )  ) ; whereas, the tail located a t  
z = 0.30b/2 is  s t i l l  approxhately 0.10b/2 above the center of the wake 
a t  an angle of attack as high as 25O ( f ig .  8(  a) ) .  

A camparison of the values of T presented in   f i gu res  7(e) t o  (i) 
with those sham i n  figures 7(a) and (b)  indicates that addition of the 
extended s p l i t  flaps i n  combination with  stall-control  devices tended 
t o  alter the  effectiveness of the tail. A comparison of the contours of 
dynamic-pressure r a t io   ( f i g s .  8 and 9 )  indicates that an appreciable 
s h i f t   i n  the wake center  resulted with the extended s p l i t   f l a p s  deflec*d 
23O and fences. The influence  of the s p l i t   f l a p s  on the wake resulted 
i n  changes of 7 .  which occurred a t  low angles of attack  for  the t a i l  
located a t  z = 0.06b/2 and at high angles of a t tack  for   the tail 
located at z = O.%b/2. It is  believed that - t h e   s p l i t  flaps caused  the 
major par t  of the change i n  the t a i l  effectiveness  since  the  addition of 
either  type of stall-control  device  without the split flap  present had 
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a negligible  influence  on  the  effectiveness of the  tail  located  either 
above  or  below  the  wing-root-chord  line  extended. . 

I 

CONCLUDING REMARKS 

The results  of an investigation  of  the  low-speed  longitudinal  sta- 
bilit  characteristics  of a twisted  and  cambered wing having  sweepback 
of 45 and  an  aspect  ratio  of 8 in combination  with a fuselage  and a 
horizontal  tail  indicate  that: 

For  the  tail  positions  investigated,  the optbum effect  of  the 
horizontal  tail on the  longitudinal  stability  of  the  wing-fuselage  can- 
bination  was  obtained  with  the  tail  located  at 6 percent w i n g  semispan 
below  the  wing-root-chord  plane.  With  the  tail  located  at  this  position 
the minimm change  of  static margin (0.12 mean  aerodynamic  chord)  through . 
a lift  range  up  to  approx”tely ma~irmrm lift  coefficient (1.51) was 
obtained  with  chord  fences  located  at 57.5 percent  and 80.0 percent wing 
semispan.  Sane  further  improvement  of  the  stability  characteristics in 
the  range  of  lift  coefficients  greater  than 1.0 was  realized  with  three 
or  four  fences  installed  on  each  wing  semispan. The leading-edge  flaps . extending  outboard  from 52.5 percent  wing  semispan  to  approximately  the 
wing  tip  provided  slightly  less  lmprovement  in  the  longitudinal  stability 
characteristics  than  chord  fences. . - 

The  longitudinal  stability  of  the  wing-fuselage  combination  equipped 
with a horizontal  tail  located  at  the  optimum  position  and  either  chord 
fences  or  leading-edge  flaps  was  adversely  affected  by  extended  split 
flaps  deflected 23O. 

Langley  Aeronautical  Laboratory, 
National  Advisory Camittee for  Aeronautics, 

Langley  Field,  Va. 
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TABU I 
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TABLE 1.- Continued 

SUWAIfY OF PIPCEIRO-Yo1IpMT CIURdCTERISTICS OF AN AIRPLABE 
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(a) wont view. 

Figure 1 .- The twisted and canibered wing-fuselage configuration in 
cambination with a horizontal tail mounted in the Langley 19-foot 
pressure  tunnel. Tail height, 0.14b/2. 
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(b) R e a r  view. 

Figure 1.- Concluded. 
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Aspecf ruth 8.0 1 4.0 
Tiper rutio 0.45 I 0.45 

k k -  /27.260 

(a) Geometry of wing, fuselage, and horizontal tail. 

FFgure 2.- Model details. As1 &hwmions in inchee except where noted. 
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ior= 4' 

Figure 2.- Continued. 
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Cwrplete fencer 

. .  

(c )  Fences. (a) Leading-eage flaps. (e) Extended split naps. 

Figure 2.- Concluded. 

. .  
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Spunwise stufion Zy/& 

Figure 3.- Spanwise  variation of W i n g  twist and distribution of Bection 
lift  coefficient  of  the  twisted and cambered w i n g .  
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Figure 4 .- Varla-tion of lift coefficient with angle of attack of the 
45' sweptback tail of aspect  ratio 4.0 and NACA 6a~012 M o i l .  sections. 
R = 2.26 x 106 c o r r e s p o w  to t h e  vlng R 4.00 x 106. 
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Figure 5.- Vasiation of lift coefficient and pitching-moment  coefficient 
with angle of attack for various tail positions. 
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c 

(b) Chord fences  located a t  - 0.57TD/2 and 0. €?Ob/2; iw = 4'. 

Figure 5 .- Continued. 
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..3 

72 
-4 0 4 8 12 16 20 24 28 32 =, de47 

. 
(c)  Complete  fences located at 0 .j5b/2, 0,57TD/2, and 0,80b/2; chord 

fences  located  at 0.89b/2; iw = bo. 

Figure 5.- Continued. 
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(d) 0.43/2 leading-edge flaps; = 4' 

Figure 5.- Continued. 
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(e) 0.50b/2 extended split flaps (€if = 23.3O); chord  fences  located 
at 0.57!%/2 and 0.80b/2; iw = kO. 

Figure 5.- Continued, 
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. -1 

( f )  0.50b/2 extended sp l i t  flaps (62 = 23O); comglete fence  located at 
0.57513/2, and 0.80b/2; chord fences  located a t  0.89b/2; 

Figure 5.- Continued. 
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(g) 0.43/2 leading-edge flaps and 0.50b/2 extended s p l i t  flaps 
(6f = 23'); iw = 4'. 

Figure 5 . -  Continued. 

33 
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. . -.Y 
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Figure 5 .  - Continued. 
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-4 0 4 8 /2 / b  20 24 28 32 
a, deg . 

(I) 0.43/2 leading-edge  flaps; O.?Ob/2 extended sp l i t  flap (sf = 23'); 
chord  fences  located at 0.515b/Z? and 0.80b72; iw = 4'. 

Figure 5.- Concluded. 
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.aJ 

40 

- 40 

(b) Plain wing; iw = 0'. 

( c )  Chord fences  located a t  O.375b/2 (a) Cmplete  fences  located at 0.33/2, 
and 0.80b/2; iw = 4'. 0.573/2, and 0 .&Sb/2; chord fences 

located a t  0.8gb/2; Lv = 4'. 

-.eo 

(e) 0.50b/2 extended split flaps (f) 0.50b/2 extended s p l i t  flaps 
(6f = 23O); chord fencee located (8f = 23O); complete fence  located 
a t  0.575b/2  and 0.80b/2; iw = 4'. a t  0.35b/2, 0.575b/2, and  0.80b/2; 

chord fences  located a t  0.89/2; 
iw = 40. 

Figure 6 .- Variation of dwdQ of the wing-fuselage cmbination 
with and without the horizontal tail. 
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LZQ 

.80 

-40 

o r r  
-0.06 """ -" -14 

-30 "" 

(g) 0.45b/2 leading-edge flaps, (h) 0.43/2 leading-edge  flaps; 
iw = 40. 0.5Ob/2 extended  split  flaps 

(Bf = 230); chord  fences  located 
at 0.575b/2 and 0.80b/2; iw = 4'. 

-40 

(i) 0.43/2 leading-edge  flaps  and (j) 0.45b/2 leading-edge flaps and 
0.50b/2 extended  split flaps 0.5Ob/2 extended  split flaps 
(6f = 23'); iw = 4'. (Ef = 520); iw = 4O. 

Figure 6.- Concluded. 
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(c)  Chord  fences  located  at 0.575b/2 (a) Complete  fences  located  at 0.35b/2, 
and 0.80b/2; iw = 4'. 0.575b/2, and 0.80b/2; chord  fences 

located  at 0 .@b/2; iw = 4'. 

Figure 7. - Continued,. 
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G deg a; deg - 

(e) 0.5Ob/2 extended split flaps (f) 0.5Ob/2 extended s p l i t  flaps 
- 

(Sf = 23O); chord  fences  located ( 6 ~  = 23O); complete  fences  located 
at O.57'jb/2 and 0.80b/2; iw = 4'. at 0.35b/2, 0.5'7523/2, and 0.80b/2; 4 

chord fences  located at 0.89b/2; 
i v  = 4O. - 

Figure 7.- Continued. 
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(g) 0.45b/2 leading-edge flaps; (h) 0.45b/2 leading-edge flaps; 
iw = 4O. 0.5m/2 extended split  flaps - (6f = 230); chord  fences located 

a t  O.575b/2 and 0.80b/2; iw = bo. 

Figure 7.- Continued, 
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(i) 0.4%/2 leading-edge flaps; 
0.50b/2 extended ' split f Laps 
(6.p = 23'); iw = 4'. 

NACA RM ~ 5 3 ~ 0 8  .. -. 

( j ) 0.43/2 leading-edge flaps; 
0.5Ob/2 extended sglit flaps 
(6f = 520); d 4 

Figure 7.- Concluded. 
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(a) a = 8.80; 9, = 0.60. 

Figure 8.- C o n t o u r  charts o f  the air-flow characteristics in t he  regla 
of the horizontal t a i l .  Fences and flaps off; iw = 4'. 

' I  



(b) a =.12.90; = 0.~3. 

Figure 8.- Continued. 
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(c) a =, 19.0'; C, = 1.04. 

Figure 8.- Continued. 



(a) a = 3.1'; E 1-25. 

Figure 8.- Concluded. 
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(a) a = 4.9O; CL = 0.66. 

Figure 9.- Contour charts of air-flaw characteristics in the region of 
the horizontal tail. Chord fences at O.575b/2 aud O.&b/2; iw = 4'; 
6f = 23'. 
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(b) cz = 9.0'; Cr, = O.%. 

Figure 9.- Continued. 
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Figure 9.- Continued. 
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(a) cz = 1-9.2~; c, = 1.51. 

Figure, 9. - Contbued.' 
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Figure 9. -  Concluded. 

.. .. 



SECURITY I N F O R M A T I O N  

8 


